Banal as ft may seem, the starting point of this paper is the hydrological cycle with its component processes of (i) interception of rainfall, followed by evaporation of what has been intercepted by the plant canopy; (u) infiltration of the "net" rainfall (consisting of stemflow and throughfall) within the soil profile.whence it is eventually returned either to the atmosphere or to rivers as runoff; (iii) evapotranspirat ion of water either directly from forest leaf litter, or from the stomata of leaves following uptake by plant roots; (iv) runoff, regarded as the difference between net rainfall, evapotranspirat ion and change in soil moisture storage.By virtue of interception losses or evapotranspirat ion, water is returned to the atmosphere whence it came;if,within the extent of the tropical forest, it is reprecipitated once or more times, then recycling of water will have occurred. Studies of recycling mechanisms are particularly difficult since they require consideration of the movement of water not only in its liquid phase, but in its vapour phase also: the provenance, as well as the magnitude, of components of the hydrological cycle must be considered.
between 300 and 500 m altitude; the basic has a central region of swampy tropical jungle which gradually changes to savannah-type country away from the centre.On a rainfall map of the basin, the physical boundary of the swampy forest coincides with the isohyetal line of 1600 mm rainfall per annum. Beyond the savannah to the north, east and south there are dry lands, and on these sides distances to the nearest oceans are very large)
to the west and southwest, however, the Atlantic Ocean is only 1100 km away,and Bernarcf regarded this as being the only external source of water vapour supplying the basin. Th^
Atlantic was also regarded as a sink for runoff. Penman quotes average values of annual water transfer as: rainfall 1510 mm; runoff 337 mmjevaporat ion 1 173<nn.This cycle Bernard divided into two components, "a device that may be valid for the tropics where the rain fall has an intensely local character, but which will be strongly challenged for extratropical areas" (quoted from Penman, 1963) . Bernard suggested that the Congo has arr interior cycle of 1173 mm of evaporation which supplies vapour for (on average) 1173 mm of rainfall, together with an external cycle in which 337 mm of rain are produced from water vapour from the Atlantic ,return 1ng to the At 1 antic as runoff.According to Bernard's estimate, therefore, about 78¾ of rainfall on the Central Congo is recycled. Using
Bernard's data shown in Table 1 , Penman argued as follows: except where rainfall is obviously limiting, the mean annual evaporation is very nearly constant and independent of the type of vegetation in spite of a wide variation of rainfalI ,suggesting that the amount of rain determines the type of vegetation cover rather than the converse. Bernard and Penman arrived at the same conclusion by rather different arguments :name!y ,that the thick jungle inside the I6OO mm isohyet is a consequence of the high rainfall, and that if the trees were removed the evaporation would be maintained from swamps and low vegetation. The internal cycle, they argued, would be unaffected. Authors of the papers so far cited had estimates of rainfall, runoff and evapotranspiration losses; they had no stable isotope data, and made no description of the movement of water, whether in vapour or liquid phases, above and within the basins con_ sidered. Deterministic models of these processes have been described by Eriksson (T965) and (Cox & Miller, 1970) . Since molecules of different isotopic composition must be considered, two probability distributions (one of times spent in vapour phase, one of time spent in liquid phase) must be used for H" 16 2 16 0, two distributions for H 2 8 0, two for HD 0. With reference to (b) above, the spatial movement within the basin of a particular molecule in the vapour phase may be considered as a generalization of the familiar random walk; regarded as a stochastic process, the movement will be (i) two dimensional (since movement must be allowed for in both the north-south and east-west directions); (ii) with drift (since the probability of a westward (north-ward) step will not, in general, equal that for an eastward(southward) step. Moreover, a limiting process of the random walk model must be considered i η which the magnitudes of steps become very small (tend to zero); in statistical termi nology, we regard the spatial movement of any one particular molecule as being a dif fusion process with drift (Cox & MiUer, 1970) . Just as for the alternating renewal process, described above, it is necessary to consider one diffusion process for each species of water molecule considered; parameters describing the drift may,as a first a£ proximation, be related to the direction and velocity of prevailing wind. Other simpli fication will also be necessary; for example, the diffusion equation to be solved for the diffusion process model must be solved for certain prescribed boundary conditions, and the solution becomes more straight forward if the basin can be considered as having infinite extent.
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The stochastic models outlined in this paper are based on the two component models described above: namely (a) the alternating renewal process for the times spent invapour and liquid phases, and (b) the diffusion process for the movement of molecules in the vapour phase^(possibly, another diffusion process will be necessary to define movement of water in its liquid phase, once it enters river channels).Both the alternating renewal process (a) and the diffusion process (b) will be required for each species of water molecule having different isotopic composition.
It is hoped that this paper demonstrates how the apparent foolishness of working on a molecular scale can be reconciled with the requirements of the problem at hand:name 1y
to describe the recycling of water within the catchment area of the largest river basin on earth. To begin with, we consider how one particular model that has been widely used in the study of isotopic fractionation processes -namely the Rayleigh model -can be considered as a description of a stochastic process.
The Rayleigh Model as a Stochastic Process
Suppose that at time zero there are Ν molecules of a particular isotopic species present 5n a parcel of water vapour, and that the probability that any one molecule is precipitated in a small time interval At is aAt, where α is a constant. Let p(t) be the probability that a particular molecule has not been precipitated by time t; then by the multiplication law for probabilities of independent events, p(t + At) = (l-αΔί) p(t) or
Taking the limit as At * 0, dp(t)/dt = -ap(t) whence ρ (t)=e (assuming p(0)= I).
With Ν molecules initially present, and with the probability that any one of them -ctt has not been precipitated at time t being e , then the distribution of K, the total number of molecules not precipitated at time t is
assuring that the of each molecule is independent of the others. This is a binomial probability law with mean value Ne" at . where the and a2 will be different for the two species. These two relations give,on eliminating t, the Rayleigh law in the form Thus, monthly estimates of 16 Q/ 16 0 (and, incidentally, of D/H, the data for which may be treated in the same manner as that described below) are available for (a) the vapour input from the Atlantic Ocean, together with its isotopic composition ,and(b)the discharge from the Amazon, together with its isotopic composition.
For the structure of the model, we begin by assuming that any water molecule (whether is be HD 16 0, Η 2 1ε 0, or H 2 la 0) , can exist within thebasinin anyone of the follow Ing three states:
1. the vapour phase within the atmosphere;
2. in the liquid phase as precipitated water available for evaporation back to the atmosphere; 3. as liquid water removed from the basin as runoff.
Transitions between these three states can occur; if a molecule is in state 1 (as water vapour), then we assume that the probability that it changes to state 2 (as pre cipitated water) within a short interval of time At, is aAt. If a molecule is in state 2, it may transfer back to state I with probability BAt, or to state 3 (runoff) with probability yAt. We assume that no direct transition from state 1 to state 3 is possi ble, and that no transition from state 3 to either of states 1 or 2 is possible,For any molecule of isotopic composition i, therefore, the matrix of transition probabilities may be written as follows:- Since we consider separately the Isotopic species defined by parameters a., 6., Ύ., we drop the suffices i; the probability that a particular molecule of a given isotopic species is in state 1 at time t+At, denoted by Ρ (l, t+At), is related to Ρ (I, t) and Ρ (2, t) by the equation
which, following a Taylor expansion, gives dP(l , t)/dt = -α P(I, t) + β P(2, t). We are now faced with the problem of estimating the parameters α, β, γ for each isotopic species.
To begin with, we assume that the input (radiosonde) data can be usedtogive est_i_ mates of the "instantaneous influxes" (or, more precisely, the fluxes at discrete timesteps) of HD 16 0, H 2 16 0, H 2 18 0; call these inputs I ] (t) , ) 2 (t), lj(t). Simi larly ,sup_ pose that the output (estimated discharge) data give fluxes 0j(t), 0 2 (t), 0^(t).Then the solution of equations (4), represented by (5), gives the probabilities that a molecule of HD 16 0 is in states 1, 2 or 3 at time t, given that it entered the basin at time tg.
To relate the output 0.(t) to the input l.(t), however, we need the probabi1ity that the molecules enters state 3 (from which, of course, it cannot return) in the interval (t-At, t); this must therefore be equal to the probability that the molecule is in state 2 at time t-At, multiplied by the probability that there is a transition from state 2 to state 3 »n the interval (t-At, t). The probability that the molecule enters state 3 in (t-At, t) is therefore yAt . P.(2, t)
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where the suffix i applies to isotopic species Í. The relation between 0.(t) and lj(t) must therefore be
l 0=0 Equation (7) is the convolution of P.(.) with 1.(.), allowing for the fact thattre output at time t can be made up of components which entered the basin at all earlier times t-tp, and which only effect the final transition to runoff (state 3) at time t.
In equation (7), the quantity Ρ.(2, t^) is a function of the parameters α.,β.,γ.; since we are assuming that the inputs l. 
The probability that the molecule passes from state 1 to state 2 with one or more transitions back to state 1 before emerging as runoff (state 3) is therefore 1 -γ./{β 7 +«,.).
As a bi-product of the fitting procedure that leads to the estimation α., β., γ., standard errors of the estimates ά., β., γ., can be calculated.
I I I A Model For Isotopic Movement Within the Brazilian Amazon
The model of the last section uses only 'input' and 'output' data, and made no use of records of isotopic ratios in rainfall at the 19 sites within the basin; we now pro ceed to outline a model which includes not only the ,alternating renewal process 1 comportent, but also the 'diffusion with drift 1 component described earlier.
As before, the external source of water vapour 5s taken to be the Atlantic Ocean, and we assume a point source = (xg, y^) for all vapour, which may be taken as Belém;
this assumption simplifies the development of the model, but can be dispensed with.
Whilst a particular water molecule is in the atmosphere (state l), it can move in a manner which will be extremely complex in that it includes vertical motion within particutar storms; we take no account of this, but assume that molecules move two-dimension ally in a 'random' manner with the velocity and direction of drift being determined by prevailing wind. The probability distribution of the position Χ Ξ (x,y) of a molecule starting at X^ and having been in the atmosphere for a lenght of time t is taken as Gaussian with mean X_g + pt and variance Et; here the parameter JJ is a two-dimensional vector which determines the direction and velocity of drift, and I is a 2 χ 2 matrix associated with the variability of molecular movement.
As in the last section, whilst a molecule is in the atmosphere (state l) there is the probability of a transition to state 2 (as precipitated water) which, for a time interval At, is aàt. Similarly, while in state 2, as precipitated water available for re-evaporation, there is a probability 3At that a molecule effects the transition back to vapour by evapotranspirat ion, and probability γΔΐ that it is removed as runoff. The parameters a, 3, γ will differ for the different isotopic species HD 16 0,H 2
16
, H,,
The model of the last section can also be developed to show that the time that a molecule spends in state 1 before its transition to state 2 (precipitated water) has a simple exponential distribution p^(t), where
Similarly, the distribution P2(t) of the time that a molecule spends instate 2, having entered it, is P2 (t) = (β+α) exp (-(3+y)t).
Rayle igh model .
Fitting the Mode) for Isotopic Movement to the Brazilian Amazon Data
The model of the last section, capable as it is of utilizing the avai1 abie data on the isotopic composition rainfall at the 19 stations described by Villa Nova et al.
(1976), gives predictions of observable quantities; mainly, the l8 0/ 16 0 rat io inrainfal1 month by month. These predictions depend on the values of certain parameters, some of which (a., Sj, γ., for example) are totally unknown, whilst others (such as μ χ , y^)have some physical interpretation and can perhaps be estimated independently. The model pa rameters may be estimated -that is to say, the model may be fitted -by choosing some criterion by which its predictions are similar to the observable quantities, subject to any necessary constraints on the parameter values. Least squares is an example of one such fitting procedure.
At the present stage, more work must be done of the model before it could be con sidered a useful tool for the study of recycling processes within the Amazon.An example of its inadequacy is given by the fact that unless parameter values are allowed to vary seasonally, the mean rainfall at any given point is constant from month to month, whereas the rainfall in some parts of the basin is strongly seasonal; thus at Alto Tapajós (7° 20'S, 57°30'W) the mean July rainfall (1931-1960) is 11 mm, compared with O^mm inMarch.
Further changes to the model may be necessary to allow for changes in theorigins of water vapour inputs and their magnitudes; similarly, allowance for water movement in river channels may be required, possibly by the superposition of another diffusion process. 
